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Background: This systematic review and meta-analysis
aims to investigate survival rates of dental implants placed
simultaneously with graft-free maxillary sinus floor elevation
(GFSFE). Factors influencing amount of vertical bone gain
(VBG), protruded implant length (PIL) in sinus at follow-up
(PILf), and peri-implant marginal bone loss (MBL) are also
evaluated.
Methods: Electronic and manual searches for human clin-
ical studies on simultaneous implant placement and GFSFE
using the lateral window or transcrestal approach, published
in the English language from January 1976 to March 2016,
were conducted. The random-effects model and mixed-effect
meta-regression were used to analyze weighted mean values
of clinical parameters and evaluate factors that influenced
amount of VBG.
Results: Of 740 studies, 22 clinical studies were included
in this systematic review. A total of 864 implants were placed
simultaneously with GFSFE at edentulous sites having mean
residual bone height of 5.7 – 1.7 mm. Mean implant survival
rate (ISR) was 97.9% – 0.02% (range: 93.5% to 100%).
Weighted mean MBL was 0.91 – 0.11 mm, and it was signif-
icantly associated with the postoperative follow-up period
(r = 0.02; R2 = 43.75%). Weighted mean VBG was 3.8 –
0.34 mm, and this parameter was affected significantly by
surgical approach, implant length, and PIL immediately after
surgery (PILi) (r = 2.82, 0.57, 0.80; R2 = 19.10%, 39.27%,
83.92%, respectively). Weighted mean PILf was 1.26 –
0.33 mm (range: 0.3 to 2.1 mm).
Conclusion: Within limitations of the present systematic
review, GFSFE with simultaneous implant placement can
achieve satisfactory mean ISR of 97.9% – 0.02%. J Peri-
odontol 2017;88:550-564.
KEY WORDS
Alveolar bone loss; bone regeneration; bone substitutes;
dental implants; sinus floor augmentation; systematic
review.
T
he edentulous posterior maxilla is
frequently a challenging site for
dental implant rehabilitation be-
cause of inadequate alveolar ridge
height and poor bone quality.1,2 As such,
maxillary sinus augmentation tech-
niques that use lateral window or trans-
crestal approaches3 have been proposed
so that a dental implant of regular length
(e.g., 10 mm) can be placed in a de-
ficient posterior maxillary edentulous
site. Numerous systematic reviews have
documented that transcrestal or lateral
window maxillary sinus augmentation
can predictably increase vertical bone
height using bone substitutes to fill the
elevated space.4-7 Different types of
bone substitutes have been used in sinus
augmentation to maintain the space
created after lifting the Schneiderian
membrane off the bone surface.4,8-10
Autogenous bone is the gold standard
bone graft because of its osteogenicity,
osteoinductivity, and osteoconductivity.11
However, it is not commonly used in
maxillary sinus augmentation because of
significant graft resorption over time and
donor site morbidity.12-14 Other bone
substitutes, such as human allograft, bo-
vine xenograft, and synthetic alloplast,
have been associated with disease trans-
mission,15,16 low vital bone to biomaterial
ratio, and low resorption rate.10,17 Also,
they have been suggested to delay bone
regeneration compared with autogenous
bone or blood clot alone.12,18,19 Some
studies even showed that sinuses grafted
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with bone substitutes demonstrated repneumatiza-
tion20,21 and implants placed in grafted sinuses had
higher peri-implant marginal bone loss (MBL) com-
pared with native bone.22,23
Therefore, some clinicians advocated use of blood
clots in place of bone substitutes in sinus floor ele-
vation (SFE).24-26 High implant survival rates (ISRs)
were reported with graft-freemaxillary SFE (GFSFE),
in which implants acted as a tent against the elevated
Schneiderian membrane.24-28 The purpose of this
systematic review and meta-analysis is to evaluate
effectiveness of GFSFE by assessing amount of
vertical bone gain (VBG), protruded implant length
(PIL) in sinus immediately after surgery (PILi) and at
follow-up (PILf), MBL, and ISR. To the best of the
authors’ knowledge, this report is the first systematic
review and meta-analysis of the value of GFSFE with
simultaneous implant placement.
MATERIALS AND METHODS
Search Strategy
This systematic review was conducted at the Uni-
versity of Michigan, Ann Arbor, Michigan, from
February to May 2016. A search of two electronic
databases (PubMed/MEDLINE and Cochrane Central
Register of Controlled Trials) for relevant studies
published in the English language from January
1976 to March 2016 was performed. Search terms
used were: (‘‘sinus’’ OR ‘‘maxillary sinus’’) AND
(‘‘floor elevation’’ OR ‘‘lift’’ OR ‘‘augmentation’’ OR
‘‘elevation’’ OR ‘‘lateral approach’’ OR ‘‘Cosci’’ OR
‘‘crestal approach’’ OR ‘‘transcrestal approach’’ OR
‘‘BAOSFE’’ OR ‘‘OSFE’’ OR ‘‘Summers technique’’
OR ‘‘osteotome-mediated’’ OR ‘‘osteotome’’) AND
(without graft [Title/Abstract] OR no graft [Title/
Abstract] OR graftless [Title/Abstract] OR graft free
[Title/Abstract] OR nongraft [Title/Abstract] OR
without bone graft [Title/Abstract] OR no bone
graft [Title/Abstract] OR nongrafts [Title/
Abstract] OR grafts free [Title/Abstract]). Addi-
tionally, manual search of dental- and implantology-
related journals, including Journal of Dental
Research, Clinical Implant Dentistry and Related
Research, Clinical Oral Implants Research, In-
ternational Journal of Oral & Maxillofacial Implants,
Journal of Oral Implantology, and Journal of Oral
and Maxillofacial Surgery from January 1976 to
March 2016, was also performed to ensure a thorough
screening process. Furthermore, a search in the ref-
erences of included papers was conducted for publi-
cations that were not identified electronically. Two
examiners (D-HD and WQ) performed the literature
search independently. Any disagreement was re-
solved either through discussion or after consultation
with a third examiner (JP). This systematic review was
conducted based on PRISMA guidelines.
Eligibility Criteria
Articles were included in this systematic review if
they fulfilled the following inclusion criteria: 1) human
prospective or retrospective clinical studies, cohort
studies, or case series; 2) simultaneous implant
placement with GFSFE via lateral window or trans-
crestal approach; 3) sample size of ‡10 implants; and
4) reported information on ISR, VBG, PILi, PILf, or
MBL. Systematic reviews, animal trials, and those
studies using platelet-rich fibrin/plasma as graft
material were excluded.
Data Extraction
Data were extracted from studies that met inclusion
criteria. Parameters tabulated were: 1) demographics –
patient sample size, number of augmented sinuses,
number of implants placed, and implant system used;
2) independent variables – lateral or transcrestal ap-
proach, implant diameter, implant length, presence or
absence of sinus window bone plate, percentage of
membrane perforation, residual bone height (RBH),
PILi (computed as the difference between implant
length and RBH), and longest follow-up period after
implant placement; and 3) dependent variables – VBG,
PILf, MBL, and ISR.
Statistical Analyses
Extracted data were analyzed using statistical
software.i Study heterogeneity was assessed using
DerSimonian and Laird Q test and I-square index. If
significant heterogeneity was found, the random-
effectsmodel was chosen tominimize any bias caused
by methodologic differences among studies. When
heterogeneity values were high, meta-regression was
carried out on dependent variables. Forest plots were
generated to graphically represent the difference in
outcomes for all included studies. P value of 0.05 was
used as level of significance, and R2 was used as
proportion of variance explained by the regression
model.
RESULTS
Literature Search
A total of 740 studies were found through electronic
and manual searches. Of these, 80 studies were
selected for full-text evaluation after screening titles
and abstracts. After full-text evaluation, 58 studies
were excluded (Table 1).6,8,24,25,28-81 There were 22
studies that fulfilled the inclusion and exclusion cri-
teria (Table 2) and thus were selected for systematic
review and meta-analysis.26,27,82-101 Interexaminer
reliability was 0.87. There were three studies19,83,88
with two treatment arms, and results from both arms
were combined in the analysis.27,87,92,97
i Comprehensive Meta-Analysis (version 2.2), Biostat, Englewood, NJ.
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Demographics
There were 864 implants placed simultaneously with
GFSFE at edentulous sites with mean RBH of 5.7 –
1.7 mm. Mean ISR was reported to be 97.9% – 0.02%
(range: 93.5% to 100%) with 18 failed implants after
mean follow-up duration of 26.6 – 24.3 months
(range: 6 months to 10 years). Out of 18 failed im-
plants, 14 reported time of failure, of which 10 im-
plants (71.4%) failed before they were loaded.
Results of Peri-Implant MBL
Data on MBL were reported in 12 stud-
ies.82,84,85,88,90,93,94,96-98,100,101 Meta-analysis dem-
onstrated that weighted mean MBL was 0.91 –
0.11 mm after mean follow-up period of 41.5 – 27.7
months (range: 9 months to 10 years) with a high
degree of heterogeneity (I2 = 98.92%; P <0.001) (Fig.
1A). To explore influence of postoperative follow-up
on MBL, the mixed-effect model was used, and re-
sidual Q was reported to be 18.46 with P = 0.03.
Therefore, one study98 was excluded for its high
heterogeneity despite its long follow-up period of
10 years. Regression analysis showed that MBL was
significantly related to postoperative follow-up (r =
0.02; R2 = 43.75%) (Fig. 1B). The surgical approach,
implant diameter, implant length, presence or absence
of sinus window bone plate, percentage of membrane
perforation, RBH, and PILi did not show any significant
influence on MBL.
Results of PIL in Sinus at Follow-Up (PILf)
Data on PILf were reported in seven stud-
ies.82,84,89,91,97-99 Weighted mean PILf was 1.26 –
0.33 mm (range: 0.3 to 5.5 mm) (Fig. 2) with a high
degree of heterogeneity (I2 = 97.55%; P <0.001)
among selected studies. However, the surgical ap-
proach, implant diameter, implant length, presence
or absence of sinus window bone plate, percentage of
membrane perforation, RBH, and PILi did not show
any significant influence on PILf.
Results of VBG
Data on VBG were reported in 18 studies.26,27,82-
87,89,91,93,94,96-101 Meta-analysis showed that
weighted mean VBG was 3.80 – 0.35 mm (Fig. 3A)
Table 1.
Summary of Excluded Studies
Authors/Year Number of Studies Reason for Exclusion
Chen et al. 2007;28 Altintas et al. 2013;29 Bassi et al. 2015;31 Bruschi
et al. 1998;35 Cricchio et al. 2011;37 Ellegaard et al. 1997;39
Gabbert et al. 2009;43 Hatano et al. 2007;45 Lai et al. 2008;49
Lundgren et al. 2004;50 Lundgren et al. 2008;51 Markovic et al.
2016;52 Pjetursson et al. 2009;63 Pjetursson et al. 2009;62 Qian
et al. 2016;64 Rammelsberg et al. 2015;65 Rasmusson et al.
2012;66 Schleier et al. 2008;68 Senyilmaz and Kasaboglu 2011;69
Smedberg et al. 2001;71 Sohn et al. 2008;74 Sohn et al. 2010;75
Winter et al. 2002;79 Winter et al. 200380
24 Reported data were incomplete
Bruschi et al. 201234 1 Implants were not placed simultaneously
with sinus augmentation
Atef et al. 2014;30 Kaneko et al. 2012;47 Munakata et al. 2016;54
Groeneveld et al. 1999;44 Felice et al. 2009;41 Esposito et al.
2010;40 de Oliveira et al. 201338
7 Sinus was grafted with a space-maintaining
device
Diss et al. 2008;24 Triplett et al. 2009;77 Boyne et al. 1997;8 Boyne
et al. 2005;33 Yamada et al. 2008;81 Sohn et al. 2011;73 Simonpieri
et al. 2011;70 Mazor et al. 2009;53 Kim et al. 2014;48 Kanayama
et al. 201646
10 Sinus was grafted with platelet rich fibrin
or bone morphogenetic proteins
van den Bergh et al. 2000;78 Nedir et al. 2009;59 Nedir et al. 2014;56
Chipaila et al. 2014;36 Biscaro et al. 201232
5 Ten or fewer implants were placed
Del Fabbro et al. 2012;6 Riben and Thor 2012;67 Pinchasov and
Juodzbalys 2014;61 Taschieri et al. 2012;76 Sohn 2015;72 Nedir
et al. 201457
6 Systematic review
Nedir et al. 2006;25 Nedir et al. 2009;55 Nedir et al. 2010;60 Nedir
et al. 2013;58 Fermerga˚rd and Astrand 200842
5 Sample population was reported in
a subsequent study
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Figure 1.
A) Forest plot representing weighted mean MBL of 0.91 mm (95% confidence interval [CI] of 0.69 to 1.13 mm). B)Meta-regression graph illustrating
effect of postoperative follow-up on mean MBL.
Figure 2.
Forest plot representing weighted mean PILf of 1.26 mm (95% confidence interval [CI] of 0.61 to 1.91 mm).
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Figure 3.
A) Forest plot representing weighted mean VBG of 3.80 mm (95% CI of 3.12 to 4.47 mm). B)Meta-regression graph illustrating effect of surgical
approach (transcrestal versus lateral window) on mean VBG. C)Meta-regression graph illustrating effect of implant length on mean VBG. D)
Meta-regression graph illustrating effect of PILi on mean VBG.
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with a high degree of heterogeneity (I2 = 98.56%;
P <0.001) among selected studies. VBG was found
to be greater for the lateral window approach than
for the transcrestal approach, and it increased with
implant length and protrusion into the sinus cavity.
Regression analysis demonstrated a statistically
significant effect of the surgical approach, implant
length, and PILi on VBG (r = 2.82, 0.57, 0.80; R2 =
19.10%, 39.27%, 83.92%, respectively) (Figs. 3B
through 3D).
DISCUSSION
Cells, scaffolds, and signaling molecules are integral
components in periodontal tissue engineering.102
The scaffold holds the space for cells and signaling
molecules to act in a well-orchestrated symphony
termed regeneration. In implant therapy, bone is the
main structure that is regenerated. Numerous tech-
niques, such as tenting titaniummesh,30 long titanium
screws,47 or customized space-maintaining devices,54
have been proposed to create and maintain space so
that osteogenic cells can proliferate in a protected en-
vironment. Therefore, in GFSFE, the implant fixture
acts as the tenting device for space creation and
maintenance beneath the Schneiderian membrane.
This allows formation of a stable blood clot that initiates
the wound-healing cascade and promotes bone re-
generation.103,104
In line with the biologic concept of tissue re-
generation, the present study shows that GFSFE
appears to perform sufficiently well compared with
the conventional approach of adding bone substitutes
during augmentation. Meta-analysis highlighted
weighted mean VBG of 3.80 – 0.35mm (range: 1.8 to
7.9 mm), which concurred with mean increase in bone
height in the transcrestal approach and minimum VBG
in the lateral window approach.3,104 Therefore, GFSFE
was capable of regenerating bone vertically, and amount
of VBG was determined by the vertical space gener-
ated by protruded implants.
Some studies have suggested a relationship be-
tween VBG and types of graft materials105 and sinus
width/size,106-108 but not with PILi109 and RBH.110
Interestingly, the present study found that VBG was
significantly related to PILi (r = 0.80; R2 = 83.92%;
P <0.001) but not to RBH (r = -0.19; P = 0.37). This
finding can be explained by the PASS principle111 of
guided bone regeneration, which stands for primary
wound closure, angiogenesis, space creation and
maintenance, and wound stability. Healing in a graft-
free augmented sinus is a temporal sequence of he-
mostasis, inflammation, proliferation, andmaturation/
remodeling.19 Space and wound stability are crucial
for undifferentiated mesenchymal stem cells or pre-
cursor cells within sinus to form bone.112 Clinically,
mechanical instability in the augmented sinus occurs
mainly from air pressure within the sinus associ-
ated with respiration.113,114 When the Schneiderian
membrane is tented by the protruded implant,
space created beneath the membrane is relatively
stable, thus favoring bone regeneration within the
space.103,104,113 As such, the amount of VBG is
determined by the amount of implant protruding into
the sinus.
According to the Wolff law,115,116 architecture and
volume of regenerated bone within the sinus will
change based on the functional load it bears. Maxillary
sinuses augmented with bone substitutes, especially
autogenous bone, generally undergo continuous bone
resorption with a decreasing resorption rate over
time.20,21,105,117 During the first 6 months of healing,
rate of bone resorption was reported to be relatively
high,20,21 and it gradually tapered down until 6 years
after surgery.105,117 However, studies reported that
GFSFE sites showed continuous but gradually de-
creasing bone formation. In initial stages of wound
healing, VBG approached 2.5 mm at 6 months after
surgery. This value gradually reduced to 1.5 mm
at 24 months after surgery.86,87 Longitudinal studies
reported that GFSFE hadmean VBG of 2.5, 4.1, 3.2 to
3.8, and 3.0 mm at 1-, 3-, 5-, and 10-year follow-up
periods, respectively,25,60,96-98,118 thereby indicating
a plateauing effect on amount of VBG over time.
Faster bone formation was demonstrated in
GFSFE compared with sinuses grafted with xeno-
grafts.19 In addition, graft-free sinuses had higher
bone density than those grafted with allografts29 and
similar bone-to-implant contact (BIC) as autogenous
bone grafted sinuses at 6 months after surgery.92 The
present systematic review found that weighted mean
PILf was 1.26 – 0.33 mm, which was greatly reduced
from mean PILi of 3.9 – 1.1 mm, thus implying that
bone regeneration occurred along the implant sur-
face over time. A total of 97.9% of implants placed
simultaneously with GFSFE survived after a mean
follow-up period of 28.8 months. This high ISR was
perhaps attributed to continuous formation of dense
peri-implant bone leading to high BIC and thus func-
tional stable implant restorations. Early implant failure
rate of 71.4% was detected in this analysis, which
concurred with implant failure rate of 85.7% in sinuses
augmented with bone substitutes.119 Therefore, one
can conclude that the early wound-healing phase is
critical for osseointegration regardless of whether the
sinus is augmentedwith bone substitutes or blood clot.
Peri-implant MBL is influenced by many bio-
mechanical factors, for example, crown/implant ra-
tio,120 excessive cantilever length,121 and discrepancy
in width of occlusal table and implant fixture dia-
meter.122 Finite element analyses have suggested
that load distribution and MBL of implants placed
in grafted sinuses may be strongly related to
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characteristics of the grafting materials.123-125 It was
observed that when native bone was stiffer than
regenerated bone, functional loading increased
concomitant stress at crestal bone level,125 resulting
in MBL around implants.126 Clinical studies corrob-
orated conclusions drawn from finite element ana-
lyses, in that MBL around implants in grafted sinuses
was significantly greater than that in pristine bone
within the first 12 months of functional loading.22,23
The present meta-analysis demonstrated that
weighted mean MBL around implants placed at sites
with GFSFE was 0.91 – 0.11 mm after a follow-up
period of 41.9months. This figure was lower thanMBL
around implants placed in grafted sinuses23,127,128
and pristine maxillary posterior sites.128 It could be
speculated that the wound-healing cascade in a bone-
grafted sinus occurred in an alteredmanner compared
with that in a graft-free sinus, hence the difference in
MBL over time. In addition, meta-regression of MBL on
duration of postoperative follow-up showed that MBL
inGFSFEwas time dependent (r = 0.02;R2 = 43.75%),
with a resorption rate of 0.2 mm per year. This value
was similar to the proposed implant success criteria of
MBL <0.2mmper year from the second year of follow-
up.129,130
An area of concern with maxillary SFE is changes to
the maxillary sinus cavity and quality of the sinus
membrane. Previous animal and human studies found
that penetration of dental implants through the
Schneiderian membrane and into the sinus cavity had
minimal effect on participants.131-133 A canine model
showed that there were no significant differences be-
tween untreated and membrane-lifted sinuses in terms
of connective tissue and epithelium thickness, distri-
bution and quantity of globet cells, and cilia orienta-
tion.134 This implies that SFE did not affect ciliary
function and sinusmembrane quality and thus could be
considered a safe procedure.
There are two limitations associated with this
analysis. First, vertical bone dimension was measured
on different radiographs; for example, dental pano-
ramic tomograms, standardized or non-standardized
periapical radiographs, spiral computed tomograms,
and cone-beam computed tomography scans. Sec-
ond, there was high heterogeneity among studies.
CONCLUSION
Within the limitations of this systematic review and
meta-analysis, GFSFE using the lateral window or
transcrestal approach with simultaneous implant
placement appears to be a predictable treatment
modality.
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